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Abstract 
 

Preliminary results of a spatial investigation of emissions associated with 
oversnow travel in Yellowstone National Park on February 13 and 16, 2002, are 
presented.  The National Park Service is currently engaged in the task of developing 
regulations for improving air quality in Yellowstone National Park with the primary 
intentions of reducing human exposure to toxic air pollutants and improving visibility.  
While the NPS is drawing upon the results of an extensive body of research, to date, no 
previous investigation has focused specifically on the issue of the spatial variability of 
snowmobile emissions.  Ninety-six whole air samples whose locations were 
georeferenced using global positioning system receivers/data loggers were analyzed 
using gas chromatography with flame ionization and electron capture to determine the 
mixing ratios of some 95 volatile organic compounds.  Utilizing a geographic 
information system to show the extent of oversnow vehicle emissions in Yellowstone 
National Park, the findings indicate that two-stroke snowmobile engines appear to 
contribute  large quantities of hydrocarbons, including air toxics, to the airshed. 
 
1.  Introduction 
 
 This report summarizes the findings of an intensive study of the spatial 
distribution of volatile organic compounds (VOCs) associated with oversnow vehicular 
travel in Yellowstone National Park (YNP) during February, 20021.  The report 
constitutes a set of preliminary findings and is being submitted for consideration by the 
National Park Service (NPS) in its capacity as lead agency in the development of winter 
use plans for the Yellowstone and Grand Teton National Parks, and the John D. 
Rockefeller, Jr., Memorial Parkway, as required by settlement agreements2 established 
with litigants in 1997 and 2001.  The investigators have the fullest confidence in the 
findings reported, and the preliminary nature of the report owes to consideration of a 
more limited set of VOCs than were resolved in the laboratory.  The investigators intend 
to submit a more comprehensive set of findings in the future in the form of either an 
additional report or a draft manuscript to be submitted for publication in a peer-reviewed 
scientific journal. 
 
1.1  Overview of Investigation 
 
 As described in the research proposal submitted for approval by the YNP 
Research Permit Office, the investigators acquired whole air samples for analysis 
throughout the Park on February 13 and 16, 2002.  The dates selected (Wednesday and 
Friday, respectively) were selected to coincide with both lower- and higher-traffic days 
associated with the President’s Day Weekend which has historically represented a high- 
visitation period during the Park’s winter season [J. Sacklin, Personal Communication, 
                                                 
1 YNP investigation: “Spatial variation and characteristics of volatile organic compounds associated with 
snowmobile emissions in Yellowstone National Park” (YNP Research Permit No. 5266). 
2 These settlement agreements led to the development of a Final Environmental Impact Statement 
(10/10/2000) and associated  Record of Decision (11/22/2000) and Final Rule (1/22/2001), and 
Supplemental Environmental Impact Statement (In Review, 3/29/2002). 
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2001].  A total of ninety-six whole air samples were acquired in evacuated steel canisters.  
They were distributed among morning, afternoon, and diurnal sample sets acquired for 
each day.  The locations of the samples were registered with global positioning system 
(GPS) units, and their contents analyzed by gas chromatography using flame ionization 
and electron capture detection.  In addition, exhaust emissions from both a two-stroke 
and a four-stroke snowmobile were sampled for comparative purposes as well as gasoline 
vended at the Old Faithful concession and at commercial vendors in the towns of West 
Yellowstone, Gardiner and Livingston, MT.  The data were subjected to spatial analysis 
utilizing interactive graphical interpretation and mapping conducted with the use of a 
geographic information system (GIS).  Discussions of the methodologies employed in the 
field and laboratory, the field conditions associated with data collection, the chemical and 
spatial analyses undertaken, and of our findings are presented. 
 
1.2  Air Quality Issues in Yellowstone National Park, Previous Research, and 

Rationale for the Investigation 
 

This investigation was undertaken to investigate the spatial distribution of VOCs 
associated with oversnow vehicular travel in YNP.  Like other U. S. National Parks, YNP 
has been designated a mandatory Class I Airshed under the Clean Air Act (CAA), and is 
thus subject to the requirement that the quality of air within its boundaries remain in a 
pristine or high-quality state such that it does not suffer from impairment of visibility 
[Clean Air Act - Section 169A.a.1, 1970, 1990].  Owing to a steady increase in wintertime 
oversnow recreational vehicle use in the Park since the late 1960s, which has 
significantly increased mobile-source (i.e., snowcoach and especially snowmobile) 
emissions, air quality and visibility within the Park have been acknowledged to have 
decreased to levels that have prompted Park Managers to consider alternative regulatory 
strategies [National Park Service, 1999, 2000a, 2000b].  In response to the need to 
remedy impairment of visibility in the Park resulting from manmade air pollution as 
required by the CAA (Section 169A.a.1) and to address the issue of human exposure to 
toxic air pollutants, also mandated by the CAA and by the Occupational Safety and 
Health Administration (OSHA), extensive research has been conducted within the Park to 
characterize and quantify snowmobile emissions with respect to carbon monoxide, 
VOCs, and particulate matter emissions as well as their impacts on human health 
[National Park Service, 1995, 1996; Ingersoll et al., 1997; Snook and Davis, 1997; 
Radke, 1997; Carrol and White, 1999; Ingersoll, 1999; Kado et al., 1999; Morris et al., 
1999; Institute for Environment and Natural Resources, 2000; Bishop et al., 2001]. 
 

While this body of research is broad in scope, the majority of work has been 
focused on the issue of human exposure to toxic air pollutants (i.e., VOCs and particulate 
matter).  No study to date has explicitly documented the spatial distribution of emissions 
associated with oversnow travel in the Park.  Furthermore, no study other than those 
reported by Ingersoll et al. [1997] and Ingersoll [1999] relied on more than 6 sample sites 
within the Park itself.  The spatial variation of snowmobile related VOCs remains 
unknown to date [Institute for Environment and Natural Resources, 2000].   
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Based on the results of this body of research and additional studies concerning 
snowmobile-wildlife interaction, the National Park Service (NPS) published a Record of 
Decision (ROD) based on a “Winter Plans Final Environmental Impact Statement…” 
[2000a] which would have steadily reduced snowmobile use in the Park over the period 
2001-2003 and encouraged winter visitation only via NPS-managed snowcoaches.  
However, the NPS has since been forced to set aside its ROD and develop additional or 
modified alternative courses of action for regulating oversnow travel in the Park in a 
Supplemental Environmental Impact Statement [U.S. Dept. of Interior, 2002].   
 

Given this state of affairs, the investigators conducted a rigorous investigation of 
the spatial variation of snowmobile related VOCs in YNP under conditions of historically 
high levels of snowmobile usage.  The intent of the investigation was to establish a set of 
baseline data associated with levels of oversnow travel that approximate historical peaks 
in order to document, through future studies, the effectiveness of any reduction in such 
travel owing to management decisions enacted by the NPS.  Additionally, the 
investigation was intended to serve as a pilot-study designed to test the sampling and 
analytical methodologies for utilization in future studies to be conducted in the Park. 
 
2.  Methods 
 
 The methods involved in the acquisition and analysis of air samples, and in the 
spatial analysis of results are presented here. 
 
2.1  Study Area, Sample Collection, and Field Conditions 
 
 A regular grid of 20 km2 cells was superimposed over the Park to identify 
potential sample sites that correspond to wintertime accessible areas and to ensure 
complete spatial coverage (Figure 1).  In addition to those samples obtained within the 
Park’s boundaries, samples were also acquired at Silver Gate, the East Entrance, and to 
the south of West Yellowstone adjacent to the Park boundary (Table 1).  These three sites 
were selected, respectively, to provide information concerning the potential for drift of 
VOCs under conditions associated with dominant westerly flow of air masses over the 
Park.  
 
 Samples were acquired in the early morning (AM) and again in the early 
afternoon (PM) at each sample site on February 13 and 16 (Wednesday and Saturday, 
respectively), 2002, to assess the relative impact of oversnow travel on VOC distributions 
within the Park.  These dates were selected for sampling activity in order to develop a 
comparison of the spatial variability of VOCs associated with low-to-moderate and high 
visitation levels.  Historically, the month of February is known for high wintertime 
visitation levels.  In February, 1996, average daily visitation was in the range of 1,500 – 
1,800 persons [National Park Service, 1999], and NPS documents consistently indicate 
that the vast majority of wintertime daily visitation is represented by snowmobile trips 
[National Park Service, 1999; 2000a; 2000b].  Furthermore, personal communication 
with YNP Planning Staff indicated that the President’s Day weekend has historically 
constituted a high visitation period [J. Sacklin, Personal Communication, 2001].  
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Although NPS visitation data for the sample dates were not available to the investigators 
at the time of this report, unconfirmed data that were probably derived from official YNP 
data indicate that some 1,200 snowmobiles entered the West Entrance on Saturday, 
February 16, 2002 [Greater Yellowstone Coalition, 2002].   
 

Within each daily sample period, samples were acquired within a three-hour 
period of time.  Additionally, a complete set of diurnal samples was acquired every 
second hour for each day beginning at 12:00 a.m. and ending at 11:59 p.m. at the Lake 
Ranger Station.  This site was selected over the Old Faithful Lodge site in order to better 
assess VOC dynamics in well mixed air at a more remote location in the Park.  Diurnal 
data corresponding to the AM and PM sample periods on each day were added to their 
respective data pools.  
 
 Ninety-six whole air samples were collected in 1-liter silica lined canisters 
(Entech Instruments, Simi Valley, CA) and 2-liter electropolished stainless steel canisters 
(University of California, Irvine, CA).  The morning sample collection periods began on 
at 5 a.m. prior to the initiation of significant oversnow travel and solar loading which can 
influence the photochemical processing of atmospheric trace gases.  Afternoon sampling 
began approximately at solar noon and extended over a 2-3 hour period of time after 
which significant oversnow travel had occurred.  Due to the apportionment of 2-4 sample 
sites per field sampler, each sample route or course required a maximum period of 3 
hours to complete.  The protocol for the collection of well mixed whole air sample for 
trace gas analysis was strictly followed by each field sampler.  All samples were to be 
collected following a period of several minutes after the shutdown of any research 
vehicle and at a distance of 50+ m from upwind of all local vehicles and transportation 
routes.  In conjunction with the acquisition of the air samples, data concerning site and 
canister coding, date and time, topography, wind speed, and ground surface cover were 
recorded in the Trimble GPS units for each site.  In addition, the use of Lowrance® 
GlobalMap100 GPS units permitted the acquisition of supplementary location data which 
were manually recorded on data forms together with the basic site data for backup 
purposes. 
 
 In order to compare the relative emissions from two-stroke and four-stroke 
snowmobiles representative of the rental fleet utilized within the Park, tailpipe exhaust 
samples were collected from two of the five snowmobiles employed in the field by the 
research team.  Both machines were rented from a commercial snowmobile outfitter 
located in West Yellowstone, Montana, for the duration of the study period.  The 
sampling methods and analyses for exhaust samples are fully described in Section 3.1 of 
this report. 
 

The week bracketing the field sampling was dominated by high pressure in YNP.  
Weak cold fronts passed through the region prior to each sample day bringing clean air 
from the northwest and scattered dustings of snow.  During each day on which samples 
were collected air was vertically stable with inversions developing during the nighttime 
hours and lasting well into the short daylight period.  Through the period 12:00 a.m. on 
Wednesday, February 13, to 11:59 p.m. on Saturday, February 16, surface temperatures 
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ranged from   -33 oC (-28 oF) to approximately 0 oC (32 oF) (Table 2).  Meteorological 
observations recorded on Saturday, February 16, at Ranger Stations located within the 
Park and at the NWS weather station located near the Lake Ranger Station indicated that 
a slight warming of surface temperatures associated with clear skies produced an increase 
in elevation of the boundary layer height.  However, on neither day was the inversion 
suspected to have broken.  During each day, strong temperature increases of 5-8 oC were 
noted from hillslope transects.  Surface winds were calm or light with mainly a southerly 
component through the study period, but assumed more of a westerly component as the 
high-pressure system moved to the southwest.  Most collection sites recorded calm 
conditions or winds of less than 2 miles per hour (1m/sec).  Maximum velocities were 
recorded in gusts at less than 17 miles per hour (8 m/sec) from February 13-16. 
 
 Ground surface conditions were characterized by snow cover at all but one site.  
Snow depths ranged from 48 inches (125 cm) at Grant Village to patchy cover at 
Mammoth.  On Saturday, February 16, the West Entrance recorded a snow depth of 30 
inches (76 cm) and 24 inches (51 cm) were recorded at Old Faithful.  Due to the low 
temperatures and limited air exchange, minimal loss of snow cover occurred during the 
week through either sublimation or melt. 
 
2.2  Trace Gas Analysis 
 
 Nonmethane hydrocarbons (NMHCs) and selected halocarbons were measured 
from the collected whole air samples.  The samples were analyzed by trapping 650.0 cm3 
(STP) of air on a sample concentration loop, a 1/4-inch O.D. stainless steel loop filled 
with 1 mm diameter glass beads, immersed in liquid nitrogen.  The total volume sampled 
was measured by pressure difference using a capacitance manometer.  After the sample 
was trapped, the concentration loop was isolated and warmed to 80 oC.  When the two 
gas chromatographs (GCs) reached their appropriate initial temperatures, the sample was 
injected into the helium carrier flow stream.  The carrier stream was then split into two, 
with each sub-stream feeding a separate GC separation column.  One 60 m x 0.25 mm 
I.D., 1.0 µm film thickness OV-1 column and one 30 m x 0.53 mm I.D., 10 µm film 
thickness A12O3/Na2SO4 PLOT column were used for the trace gas separations.  The 
effluent from the OV-1 column was split, with ~70% of the flow directed to an flame 
ionization detector (FID) for C3-C10 NMHC measurements and ~30% to an electron 
capture detector (ECD) for C1-C2 halocarbon measurements.  The PLOT column, which 
was housed in a separate GC, was connected to an FID for C2-C6 NMHC measurements.  
Further information regarding sample analysis and standard calibrations are described in 
Sive, [1998]. 
 
2.3  Spatial Analyses 
 
 The geographic locations of sample sites were logged with GeoExplorer 3 GPS 
devices.  Positions constituting individual locations were downloaded into Trimble’s®  
GPS Pathfinder Office software (Ver. 2.80) upon the completion of sample collection and 
were subjected to differential correction via post-processing utilizing base station data for 
the CORS site at Mammoth, WY (44 58 24.31849 N Lat.; 110 41 21.43409 W Long.) 
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that were downloaded through the internet.  Horizontal accuracy levels for all sample 
points generally fell under 2 m, and did not exceed 2.3 m.  To permit the mapping and 
spatial analysis of air samples, VOC data for each day’s AM and PM sample period were 
merged with the post-processed and spatially merged GPS data in the GIS environment 
(i.e., ESRI’s ArcView 3.2a).  All data were projected in Universal Transverse Mercator 
units for integration with existing YNP spatial data.  The resultant maps (Figures 3-18) 
portray the mixing ratios in parts per trillion by volume (pptv) of the selected VOCs.  
Owing to the coarse spatial resolution of the data, VOC concentrations are portrayed 
cartographically with scaled or graduated point symbols rather than a continuous 
interpolated surface. 
 
3.  Results and Discussion 
 

Approximately 80 NMHCs and 15 halocarbons have been quantified from the 96 
whole air samples collected in Yellowstone National Park.  In this report, we present 
some preliminary results using a subset of trace gases measured from the whole air 
samples.  The gases reported here include 14 C2-C8 NMHCs (including air toxics such as 
benzene, toluene and the xylenes) and tetrachloroethene (C2Cl4), a good marker for long 
range transport of urban air.  C2Cl4 is used to illustrate that urban emissions did not affect 
the sampling region during the course of our sampling experiment. 

 
3.1  Exhaust Samples 
 

Exhaust samples were collected from a two-stroke and a four-stroke snowmobile 
in order to compare the relative emission ratios of the two different engine types.  The 
two-stroke exhaust sample was collected from a Polaris Trail Touring snowmobile 
equipped with a 550 cc fan-cooled engine while the four-stroke exhaust sample was 
collected from a Polaris Frontier 4 Stroke snowmobile equipped with a 780 cc liquid-
cooled engine.  The exhaust samples were collected in 1-liter silica lined canisters 
(Entech Instruments, Simi Valley, CA) immediately after completing a 75 minute transit 
from Old Faithful to West Yellowstone.  For both snowmobiles, the samples were 
collected at 5000 RPM, which corresponded to the average revolutions per minute for 
each engine during the transit.  For sample collection, the brake was applied and the 
engine was held at 5000 RPM while the canister was placed directly into the exhaust 
stream exiting the tailpipe of each engine and filled to ambient pressure.  A 0.5 cm3 
(STP) aliquot of each exhaust sample was analyzed by direct injection using the 
analytical system described previously.  From the chromatographic data obtained for 
these samples, relative emission ratios for each engine type were determined.  Results 
from the exhaust sample analyses indicate that the two snowmobiles sampled had very 
similar emission ratios for both ethene and ethane.  For this comparison, we have 
normalized the emission ratios to ethene; however, the results do not differ if they are 
normalized to ethane.  The emission ratios relative to ethene for the two-stroke and four-
stroke snowmobile engines are illustrated in Figure 2.   

 
Overall, the relative emission ratios for the two-stroke engine are significantly 

larger for all of the reported compounds (Figure 2).  Toluene dominated the two-stroke 

 6



engine emissions (approximately five times larger than the four-stroke engine), but 
relatively large amounts of n-butane, i-pentane and n-pentane were also present in the 
exhaust sample.  For both engine types, only a small fraction of the exhaust consisted of 
ethane, propane, propene, and i-butane.  With regard to air toxic emissions (i.e., benzene, 
toluene, ethylbenzene and xylenes), the two-stroke engine emitted significantly larger 
quantities of these gases. 
 
3.2  Overview of Spatial Distributions 
 

The spatial distributions of the 16 reported gases are shown in Figures 3 through 
18.  Each figure contains four maps corresponding to the morning and afternoon 
sampling periods during the low and high traffic days (Wednesday and Saturday, 
February 13 and 16,2002).  Mixing ratios are in pptv and are designated by color-coding 
and symbol size.  One feature worth noting before discussing the trace gas spatial 
distributions is that the road between Silver Gate and Mammoth Hot Springs is used 
primarily for automobile traffic, as opposed to the remainder of the park roads which are 
dominated by snowmobile traffic.  Therefore, the samples collected in the northern region 
of the park were generally much cleaner, and the NMHC mixing ratios were only slightly 
enhanced above background northern hemispheric air. 

 
In order to assist in ruling out the influence of urban emissions on the samples 

collected in the park, the spatial distribution of C2Cl4 was evaluated (Figure 3).  For all 
AM, PM and diurnal samples, the mean C2Cl4 mixing ratio and 1σ standard deviation 
were 7.6 ± 1.1 pptv (the standard deviation at this mixing ratio level is dominated by the 
instrument’s precision).  This indicates that there was little or no influence on the air 
masses sampled in the park from urban areas directly upwind and that the NMHC 
enhancements observed were representative of local emissions. 

 
The ethane and propane spatial distributions are shown in Figures 4 and 5.  For 

both of these gases, high concentrations were observed at Silver Gate during the morning 
sampling periods.  It is likely that these enhancements were a result of wood burning 
(used for home heating) and LPG leakage in this area.  With the exception of the high 
values observed in the morning at Silver Gate, the ethane mixing ratios were essentially 
uniform indicating that the air masses sampled were well mixed throughout the park on 
both days.  Similarly, little variability was observed in the propane mixing ratios during 
both sampling periods. 

 
Ethene and propene are useful indicators of fresh emissions from combustion 

sources because of their short atmospheric lifetimes, which are on the order of ~1.5 days 
and ~0.5 days, respectively.  Ethyne, also an indicator of combustion, has an atmospheric 
lifetime on the order of 2 weeks, resulting in its higher background concentrations.  The 
spatial distributions of these three gases are shown in Figures 6 through 8.  As with 
ethane and propane, the mixing ratios of these gases were also relatively large in the 
morning samples collected at Silver Gate during both sampling days.  However, 
noticeable enhancements are observed throughout the southern two-thirds for ethene and 
ethyne during the PM sampling period on both days.  Also, enhancements for all three 
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gases are observed during the PM sampling period at the West Yellowstone entrance.  A 
key feature to note is that the mixing ratios for ethane and ethyne increased between the 
AM and PM samples.  With regard to propene, there is essentially no enhancement 
throughout the park, especially on the high traffic day, which is consistent with the 
relatively small fraction of propene emitted from both two-stroke and 4 stroke 
snowmobiles. 

 
The butanes (i-butane and n-butane) and pentanes (i-pentane and n-pentane) are 

indicators of fuel evaporation and are also emitted from combustion sources.  The spatial 
distributions of these gases are shown in Figures 9 through 12.  For i-butane, the overall 
difference between the morning and afternoon mixing ratios is small on both days.  In 
contrast to i-butane, the n-butane, i-pentane and n-pentane show large enhancements 
between the AM and PM sampling periods on each day.  The observed enhancements are 
likely a result of the increased snowmobile usage between the AM and PM sampling 
periods.  However, because the road from Mammoth Hot Springs Silver Gate to is limited 
to automobiles, the mixing ratios of these gases remain essentially unchanged in this 
region for all sampling periods.  Again, the large enhancements observed for n-butane, i-
pentane and n-pentane are consistent with the two-stroke snowmobile exhaust sample. 

 
Similarly, benzene, toluene, ethylbenzene and the xylenes (m-, p- and o-) exhibit 

spatial distributions comparable to n-butane and the pentanes, with toluene emissions 
showing the greatest increases between the AM and PM sampling periods (Figures 13 
through 18).  The potential health hazards associated with exposure to these compounds 
are the primary reasons for controlling their emissions, thus their classification as federal 
hazardous air pollutants.  The largest mixing ratios (reported here in parts per billion by 
volume, ppbv) observed for each of these compounds were comparable to those found in 
a polluted urban environment [Monod et al., 2001] illustrating the probable impact of the 
snowmobile emissions on the airshed.  The ratios were as follows: benzene – 4.82 ppbv; 
toluene – 9.89 ppbv; ethylbenzene – 0.99 ppbv; m-xylene – 3.01 ppbv; p-xylene – 1.37 
ppbv; o-xylene – 1.54 ppbv.  To put these values into perspective, background mixing 
ratios for these compounds are expected to be on the order of the following: benzene ~ 
100 pptv; toluene ~ 40 pptv; ethylbenzene and the xylenes ~ 5 pptv. 
 
3.3  Comparison of Low and High Traffic Days 
 

Table 3 lists the median and mean mixing ratios in pptv, and percent difference in 
median mixing ratios between each sampling period to assess the impact of increased 
snowmobile traffic in the Park. 
 

The decrease in concentration of ethane and propane between the AM and PM 
sample collections occurs regularly and is associated with the daytime heating of the 
earth’s surface resulting in an increase in the planetary boundary layer height.  This 
indicates that dilution is taking place with clean free tropospheric air mixing into the 
boundary layer.  Even though air mass dilution is occurring, large enhancements in other 
trace gas mixing ratios associated with local snowmobile emissions were observed.  
Evaluating the percent difference of the median values for the samples collected on each 
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day, the impact of the increased number of snowmobiles on the Yellowstone airshed can 
be assessed (median values are used for comparison rather than mean values so that the 
results are not skewed by samples with very high concentrations of NMHCs).  The 
compounds listed in Table 3 all show enhancements in the percent difference of the 
median values between the low-traffic day and high-traffic day except for ethane, 
propane and C2Cl4.  From these results, trace gas emissions from the snowmobile activity 
can be estimated.  Overall, increased snowmobile usage resulted in an increase in median 
values for the reported trace gases. 
 
4.  Conclusions 
 
 The findings suggest that, holding overall levels of snowmobile usage steady, a 
reduction in the amount of two-stroke snowmobile traffic will likely reduce NMHC 
emissions including the air toxics benzene and toluene.  This scenario essentially 
represents the Winter Use Plans Draft Supplemental Environmental Impact Statement’s 
Alternative 2.  Alternatives 1a, 1b, and 3 will lead to significant decreases NMHC and air 
toxic levels in the Park.   
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5.1 Tables 
 
 
   Table 1.  Sample Sites and Codes 

Sample Site  Site Code 
Mammoth Hot Springs A1 
5 km West of Tower Junction A2 
Mammoth-Cooke City Rd. - 1 km West of Soda Butte 
Cr./Lamar R. Confluence 

A3 

Silver Gate A4 
Mud Volcano B1 
Canyon B2 
Norris Geyser Basin B3 
Yellowstone Lake Overlook C1 
East Entrance C2 
Old Faithful Lodge Area D1 
Fountain Paint Pots D2 
Madison River Bridges D3 
1 km South of West Yellowstone in Gallatin National 
Forest 

D4 

Old Faithful-Grant Village Rd. - Continental Divide 
(Eastern-most) 

E1 

Grant Village E2 
Grant Village-South Entrance Rd. – Approx. 8 km South 
of Lewis Lake 

E3 

Lake Ranger Station DIURNAL 
 
 
 
 

 
Table 2.   Yellowstone Lake, WY Weather Conditions 

 
     Date 

Min. 
Temp. 
F (C) 

Max.  
Temp. 
F (C) 

Min. 
Pressure. 
In (mbs) 

Max. 
Pressure 
In (mbs) 

Predominant
Winds 

7 am     1pm 
Wednesday 
February 13th  

 
-15 (-26) 

 
24 (-4.4) 

 
29.9(1012) 

 
30.35(1027)

 
Calm 

 
Calm 

Saturday  
February 16th  

 
-18 (-28) 

 
26 (-3.3) 

 
30.08(1018)

 
30.35(1027)

 
Calm 

 
Calm 
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Table 3.  Median and mean mixing ratios along with the percent difference in 
median values between morning and afternoon sampling times are reported for all 

samples collected throughout the park on the low traffic day (2/13/02) and high 
traffic day (2/16/02).  All values were calculated using 14, 17, 16 and 17 samples for 

the 2/13/02 am, pm and 2/16/02 am, pm periods, respectively.  On both days, 
morning samples were collected between 5 am and 7 am while afternoon samples 
were collected between 12 pm and 2 pm.  All mixing ratios are reported in pptv.   

Compound Date 
Sample 

Time Median Mean % Difference
ethane 2/13/2002 am  1964.4 2147.3   

    pm  1829.5 1974.5 -7% 
  2/16/2002 am  1796.9 1967.1   
    pm  1627.3 1732.2 -10% 
            

ethene 2/13/2002 am  197.3 420.1   
    pm  159.6 825.6 -24% 
  2/16/2002 am  104.1 835.6   
    pm  224.5 508.6 54% 
            

ethyne 2/13/2002 am  432.0 553.7   
    pm  450.8 761.8 4% 
  2/16/2002 am  358.2 669.3   
    pm  447.0 869.4 20% 
            

propane 2/13/2002 am  672.5 1888.7   
    pm  662.5 894.8 -2% 
  2/16/2002 am  586.4 2708.1   
    pm  470.0 585.3 -25% 
            

propene 2/13/2002 am  49.5 164.6   
    pm  74.1 396.4 33% 
  2/16/2002 am  38.5 336.9   
    pm  103.8 209.9 63% 
            

i-butane 2/13/2002 am  128.6 179.0   
    pm  139.7 1206.8 8% 
  2/16/2002 am  91.9 146.3   
    pm  145.6 260.7 37% 
            

n-butane 2/13/2002 am  281.7 431.2   
    pm  352.5 2967.5 20% 
  2/16/2002 am  213.8 365.3   
    pm  345.3 918.0 38% 
            

i-pentane 2/13/2002 am  60.3 166.6   
    pm  121.9 1775.3 51% 
  2/16/2002 am  46.6 181.1   
    pm  158.9 453.0 71% 
            

n-pentane 2/13/2002 am  50.2 97.3   
    pm  68.5 1033.1 27% 
  2/16/2002 am  35.2 114.5   
    pm  100.9 241.0 65% 
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Table 3 (continued).  Median and mean mixing ratios for selected compounds along 
with the percent difference in median values between morning and afternoon 
sampling times. 

Compound Date Sample Time Median Mean % diff Med Values 
benzene 2/13/2002 am  181.3 507.8   

    pm  156.1 420.4 -16% 
  2/16/2002 am  147.6 241.0   
    pm  200.5 396.4 26% 
            

toluene 2/13/2002 am  124 220   
    pm  149 1090 17% 
  2/16/2002 am  98 277   
    pm  259 1205 62% 
            

ethylbenzene 2/13/2002 am  10.5 25.7   
    pm  16.3 114.4 36% 
  2/16/2002 am  9.7 28.7   
    pm  27.6 117.3 65% 
            

m-xylene 2/13/2002 am  25.5 53.6   
    pm  21.3 302.3 -20% 
  2/16/2002 am  28.5 65.9   
    pm  60.8 324.3 53% 
            

p-xylene 2/13/2002 am  15.0 30.9   
    pm  30.9 171.4 51% 
  2/16/2002 am  15.5 48.8   
    pm  44.2 107.9 65% 
            

o-xylene 2/13/2002 am  18.4 34.5   
    pm  41.4 199.6 56% 
  2/16/2002 am  18.4 40.5   
    pm  42.6 185.1 57% 
            

C2Cl4 2/13/2002 am  8.1 8.4   
    pm  8.5 8.5 4% 
  2/16/2002 am  7.4 7.2   
    pm  6.6 6.7 -12% 
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 5.1  Figures
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 Figure 2.  Relative Emission Ratios of Selected Compounds from 2-Stroke and 4-Stroke Snowmobile Exhaust
Samples
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